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ABSTRACT 

A t  t h e  December 1, 1 9 7 0  review of l u n a r  v i s i b i l i t y  
du r ing  a T+24 l and ing ,  F l i g h t  C r e w  Support  D iv i s ion  p resen ted  
a series of photographs of a l u n a r  model which e x h i b i t e d  much 
h ighe r  s u r f a c e  v i s i b i l i t y  than had been expected f o r  high-sun 
cond i t ions .  Comparison of r e c e n t l y  publ i shed  r e f l e c t i o n  d a t a  
on t h e  model w i t h  t h e  s tandard  l u n a r  photometr ic  f u n c t i o n s  l eads  
t o  the  t e n t a t i v e  conclusion t h a t  s l o p e  c o n t r a s t  downrange of 
the  zero-phase p o i n t  may be up t o  t e n  t i m e s  t h a t  p r e d i c t e d  for  A 

a high-sun l and ing  on t h e  luna r  s u r f a c e .  For low-sun landing  
s i m u l a t i o n s ,  t h e  g l a s s  bead coa t ing  employed on t h e  model w i l l  
be u s e f u l  i n  s imula t ing  t h e  surge i n  l u n a r  s u r f a c e  b r i g h t n e s s  
around zero phase. Before being used i n  high-sun s imula t ions  
for Apollo 15 and l a t e r  missions t h e  g l a s s  bead model should 
be f u r t h e r  c a l i b r a t e d  w i t h  the l u n a r  photometr ic  func t ion .  
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I n t r o d u c t i o n  

On D e c e m b e r  1, 1970 a t e l e c o n  review w a s  he ld  between 
NASA Headquarters and MSC on t h e  problems involved i n  p lanning  
f o r  a T+24 hour launch oppor tuni ty  f o r  t h e  Apollo 1 4  mission t o  
Fra Mauro. Reference 1, r e c e n t l y  pub l i shed ,  documents t h e  work  
p re sen ted  i n  t h a t  review. Although d i r e c t e d  t o  t h e  Apollo 1 4  
miss ion ,  the r e s u l t s  of t h e  review and t h e  methods whereby they  
w e r e  ob ta ined  are obviously of i n t e r e s t  i n  planning a T+24 
l and ing  on Apollo 15 and l a t e r  missions.  

The major d i f f i c u l t y  encountered i n  planning a T+24 
l and ing  lies i n  t h e  p r e s e n t  u n c e r t a i n t y  i n  p r e d i c t i n g  t h e  a b i l i t y  
of t h e  a s t r o n a u t  t o  recognize landmarks du r ing  descent .  With 
the  sun 13' h ighe r  i n  t h e  sky than i n  t h e  nominal p lan  ( i . e . ,  
a t  about  23* e l e v a t i o n ) ,  t h e  washout a r e a  moves i n t o  t h e  landing  
zone, shadows become fewer,  and s u r f a c e  v i s i b i l i t y  i s  s e r i o u s l y  
degraded. P a s t  a n a l y t i c a l  and model s t u d i e s ,  which w e r e  n o t  
o r i e n t e d  t o  a s p e c i f i c  s i t e ,  had predic%ed l o w  b u t  accep%able 
o b s t a c l e  v i s i b i l i t y  and marginal landmark v i s i b i l i t y ,  For t h e  
review,  MSC concent ra ted  i t s  e f f o r t s  on t h e  Fra Mauro s i t e  t o  
a t t e m p t  t o  determine s p e c i f i c a l l y  t h e  landmarks a v a i l a b l e  f o r  
Apollo 14. For t h e i r  p r e s e n t a t i o n ,  F l i g h t  C r e w  Support  Div is ion  
(FCSD) d i sp l ayed  a series of  photographs of  a F r a  Mauro model 
taken  a t  several p o i n t s  during a s imula ted  LM descen t  which ex- 
h i b i t e d  a s t o n i s h i n g l y  good c c n t r a s t  even a t  high sun angles .  
For example, f e a t u r e s  much sma l l e r  t han  Weird C r a t e r  (150 f t . )  
w e r e  c l e a r l y  v i s i b l e  from 4000 f t .  s imula ted  a l t i t u d e  and no 
downrange "washout area" such as had been p r e d i c t e d  by a n a l y t i c a l  
v i s i b i l i t y  c a l c u l a t i o n s  could be seen i n  t h e  model photographs. 
Tne a n a l y t i c a l  c a l c u l a t i o n s  had been thought  t o  be conse rva t ive ,  
b u t  n o t  t o  t h e  e x t e n t  i n d i c a t e d  by t h e  new model s tudy .  C l e a r l y ,  
t h e  s tudy  would i n d i c a t e  t h a t  t h e r e  i s  no high sun v i s i b i l i t y  
problem, excep t  perhaps ne&r  500 f t .  a l z t u d e  when t h e  a s t r o n a u t ' s  
l i n e  of s i g h t  t o  t h e  touchdown s p o t  would pass  c l o s e s t  t o  zero 
phase.  A t  i s s u e ,  t h e n ,  i s  t h e  ques t ion  as t o  which best r e p r e s e n t s  
t h e  l u n a r  v i s u a l  environment,  t h e  a n a l y t i c a l  o r  t h e  model approach. 
Unfo r tuna te ly ,  i n s u f f i c i e n t  information about  t h e  photometr ic  
c h a r a c t e r i s t i c s  of t h e  FCSD model i s  p r e s e n t l y  a v a i l a b l e  t o  answer 
t h a t  ques t ion .  
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(Note t h a t  t h e  b a s i c  conclusion reached a t  t h e  
December 1 review t h a t  a T+24 landing  a t  Fra  Mauro i s  accept -  
a b l e  i s  n o t  i n  con ten t ion ,  as t h i s  conclusion w a s  confirmed 
independent ly  by o t h e r  means. But t h e  e x t e n t  t o  which t h e  
a s t r o n a u t s  would be able t o  detect s u r f a c e  f e a t u r e s  nea r  t h e  
landing  s i t e  under high sun cond i t ions  and hence t h e  f i n a l  
approach l o g i c  they would use are s t i l l  u n c e r t a i n . )  

FCSD Model and Liqht  Source 

The model used f o r  t h e  review, according t o  informa- 
t i o n  supp l i ed  by FCSD, i s  the pro to type  urethane v e r s i o n  of t h e  
Apollo 1 4  Fra  Mauro t e r r a i n  models cons t ruc t ed  by t h e  Army Topo- 
g r a p h i c  Command f o r  t h e  LMS s imula to r s  a t  Houston and Cape 
Kennedy. To prepare  it f o r  photography, t h e  porous ure thane  
was f i r s t  p a i n t e d  w i t h  a 50% r e f l e c t i v e  gray p a i n t  t o  s e a l  t h e  
s u r f a c e  and then  uniformly sprayed wi th  e l e c t r o s t a t i c l y  charged. 
g l a s s  beads.  The beads r a t h e r  s p a r s e l y  covered t h e  s u r f a c e  
(on ly  about  8% of t h e  t o t a l  s u r f a c e  a r e a )  and, a c t i n g  i n  a 
f a sh ion  s i m i l a r  t o  a beaded p r o j e c t i o n  sc reen ,  added a r e t r o -  
r e f l e c t i v e  component t o  t h e  l a r g e l y  d i f f u s e  l i g h t  s c a t t e r e d  
from t h e  pa in t ed  model. The g l a s s  bead technique had been 
developed f o r  FCSD by Lockheed Geophysics Branch f o r  p o t e n t i a l  
use  on t h e  t e r r a i n  models i n  t h e  LMS and cons ide rab le  work had 
been done i n  choosing t h e  bead s i z e  (40-6Op), index  of r e f r a c t i o n ,  
and percentage of coverage i n  o r d e r  t o  g ive  a good s imula t ion  of 
t h e  su rge  i n  l u n a r  b r igh tness  a t  ze ro  phase. G l a s s  beads have 
no t  been used before  i n  lunar  v i s i b i l i t y  s imula t ions  al though 
they  had been s t u d i e d  even before  Apollo 11 a s  a p o s s i b l e  c o m -  
ponent of t he  luna r  s u r f a c e  material (Reference 2 ) .  I n s t e a d ,  
most i n v e s t i g a t o r s  have used a type of f l u f f y  powder, such as 
c u p r i c  oxide o r  Por t l and  cement, which a l s o  r e t r o r e f  lects  i n -  
c i d e n t  l i g h t  i n  a marked fash ion .  The luna r  s o i l  i t s e l f ,  i n t e r -  
e s t i n g l y ,  seems t o  be made up both of powder and of microscopic  
g l a s s  sphe ru le s .  

L igh t ing  f o r  t h e  model w a s  from a xenon poin t -source  
lamp w i t h  no c o l l i m a t i o n  of  t he  beam. The p o i n t  source  provided 
t h e  s h a r p  shadowing r equ i r ed  f o r  t h e  s imula t ion  whi le  t h e  lamp 
w a s  p laced  f a r  enough away f rom the  model so t h a t ,  r e p o r t e d l y ,  
t h e  l i g h t i n g  changed much less than 5' i n  azimuth ove r  a four -  
f o o t  diameter  a r e a  of  t h e  model cen te red  on t h e  l and ing  s i t e .  
N o  v a r i a t i o n  i n  shadow d i r e c t i o n  due t o  t h i s  e f f e c t  w a s  v i s i b l e  
i n  t h e  model photos.  Absence of co l l ima t ion  i n  t h e  l i g h t  source  
w i l l  a l s o  tend t o  broaden the zero-phase a rea .  This broadening,  
however, w i l l  s l i g h t l y  lower c o n t r a s t  va lues  on t h e  model, es- 
p e c i a l l y  a t  h ighe r  s imulated a l t i t u d e s ,  and w i l l  make t h e  simula- 
t i o n  somewhat more conserva t ivz  than  otherwise.  
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Model Ref l ec t ion  C h a r a c t e r i s t i c s  

A t  t h e  December 1 review. t h e  ci 
~ e s  reproduced h e r e  

i n  F igure  1 w e r e  p resented .  This and a s i m i l a r  f i g u r e  i n  
Reference 1 con ta in  a l l  t h e  p r e s e n t l y  a v a i l a b l e  informat ion  
about  t h e  r e f l e c t i o n  c h a r a c t e r i s t i c s  of t h e  model. The two 
ha lves  of Figure 1 a r e  p o l a r  p l o t s ,  one f o r  t h e  nominal 10" 
sun e l e v a t i o n  and one f o r  t he  23" e l e v a t i o n .  The s o l i d  curves  
g i v e  t h e  p e r c e n t  r e f l e c t a n c e  o r  r e l a t i v e  b r i g h t n e s s  of the  
g l a s s  model ( r a d i a l  d i s t a n c e  i n  t h e  p l o t )  a s  a func t ion  of  
viewing e l e v a t i o n  angle .  Such a curve i s  c a l l e d  an i n d i c a t r i x  
and i s  c h a r a c t e r i s t i c  of t h e  s u r f a c e  t e x t u r e  of a m a t e r i a l .  
Not ice  t h a t  maximum br igh tness  i s  reached when t h e  viewing 
angle  i s  equa l  t o  t h e  sun angle ,  t h a t  i s ,  a t  zero phase angle .  
The dashed curve i n  each p l o t  i s  t h e  r e l a t i v e  b r i g h t n e s s  of t h e  
average l u n a r  s u r f a c e  fo r  those same viewing angles .  For c l a r i t y  
i n  t h e  p r e s e n t a t i o n ,  t h e  average luna r  b r i g h t n e s s  curve w a s  ex- 
panded f o u r  t i m e s  from a peak r e f l e c t a n c e  (or albedo)  of 7% t o  
28%. The p r e c i s e  va lue  of peak r e f l e c t a n c e  used f o r  t he  l u n a r  
s u r f a c e  o r  t h e  g l a s s  bead model i s  n o t  s i g n i f i c a n t  s i n c e  t h e  
apparent  b r i g h t n e s s  of t h e  model can be modified by f i l t e r s ,  
l i g h t i n g ,  o r  exposure t i m e .  What i s  s i g n i f i c a n t  i s  t h e  v a r i a -  
t i o n  i n  b r i g h t n e s s  wi th  angle and s l o p e ,  a s  w i l l  be d i scussed  
be l o w .  

The curves of Figure 1 i l l u s t r a t e  t h e  gene ra l  retro- 
r e f l e c t i v e  peak which i s  c h a r a c t e r i s t i c  of bo th  t h e  g l a s s  bead 
model and the  l u n a r  s u r f a c e .  The informat ion  about  t h e  g l a s s  
bead model conta ined  i n  these  cu rves ,  however, is e n t i r e l y  
r e s t r i c t e d  t o  t h e  case i n  which t h e  eye ,  l i g h t  sou rce ,  and 
s u r f a c e  normal l i e  i n  t h e  same plane.  Model b r i g h t n e s s  and 
c o n t r a s t  va lues  are d i f f i c u l t  t o  e s t i m a t e  due t o  t h e  small  
amount of d a t a .  

General ly  i n  t h e  Ranger, O r b i t e r ,  and Apollo programs 
l u n a r  b r i g h t n e s s  and c o n t r a s t  v a l u e s  have been c a l c u l a t e d  ac- 
co rd ing  t o  one o f  t w o  l u n a r  photometr ic  func t ions  de r ived  by 
J P L  from ear th-based Russian photometr ic  measurements. These 
a r e  t h e  so -ca l l ed  Fedore ts  func t ion  and t h e  Lunar R e f l e c t i v i t y  
Model (LRM) . An a n a l y t i c a l  model, c a l l e d  t h e  Hapke f u n c t i o n ;  
has a l s o  seen some l i m i t e d  u s e  (Reference 3 ,  4 ) .  These  f u n c t i o n s  
are p l o t t e d  i n  F igure  2 along wi th  t h e  average l u n a r  b r i g h t n e s s  
curve of Figure 1. A l l  t h e  curves  have been a d j u s t e d  t o  i n d i c a t e  
e q u a l  b r i g h t n e s s  a t  ze ro  phase. A s  i n  F igure  1, r a d i a l  d i s t a n c e  
f r o m  t h e  center of t h e  f i g u r e  r e p r e s e n t s  p e r c e n t  r a f l e c t a n c e  Of  
l i g h t  from t h e  l u n a r  s u r f a c e  f o r  t h a t  viewing angle .  
l u n a r  b r i g h t n e s s  estimate l i e s  between t h e  Fedore ts  f u n c t i o n  and 
t h e  LRM f o r  low viewing angles  b u t  becomes much b r i g h t e r  f o r  
viewing above t h e  sun l i n e .  

The FCSD 

The Hapke f u n c t i o n ,  on t h e  o t h e r  
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hand, l i es  between t h e  Fedorets  func t ion  and t h e  LRM a t  high 
viewing angles  b u t  i s  obviously i n  e r r o r  below t h e  sun l i n e  
s i n c e  it p r e d i c t s  maximum b r i g h t n e s s  f o r  viewing a t  a g lanc ing  
ang le  t o  the  s u r f a c e  r a t h e r  than a t  zero phase.  Because of 
t h i s  c h a r a c t e r i s t i c  it cannot be employed i n  high sun l and ing  
a n a l y s i s .  

The r a t h e r  l a r g e  sepa ra t ion  between t h e  Fedore ts  and 
LRM curves  a t  some angles  i s  a measure of our  p r e s e n t  uncer- 
t a i n t y  i n  p r e d i c t i n g  luna r  b r igh tness  l e v e l s .  Nonetheless ,  
as t h e s e  t w o  func t ions  a r e  t h e  b e s t  sou rces  of  l u n a r  photo- 
m e t r i c  d a t a ,  an a t tempt  was made i n  F igure  3 t o  match them 
t o  t h e  FCSD curve f o r  t h e  g l a s s  bead model. For a best f i t  
over  t h e  whole range of viewing a n g l e s ,  t h e  t h r e e  curves w e r e  
matched a t  a p o i n t  5' above t h e  sun l i n e .  I n  a s t e e p  descen t  
t h e  l and ing  s i t e  w i l l  be viewed a t  about a 25'  angle .  Fea tu res  
uprange of t he  landing  s i te  w i l l  be seen a t  s t e e p e r  angles  and 
f e a t u r e s  downrange w i l l  be seen a t  sha l lower  angles .  Except 
fo r  very high viewing ang le s  t h e  g l a s s  bead model can be ad- 
j u s t e d  t o  match t h e  b r igh tness  of t h e  l u n a r  s u r f a c e  f a i r l y  
w e l l  f o r  t h e  two sun ang le s  presented .  An a r e a  of  one o r  two 
degrees  around zero phase on t h e  model w i l l  then be much b r i g h t e r  
t h a n  p r e d i c t e d  on t h e  moon. The l u n a r  photometr ic  f u n c t i o n s  are 
known t o  be p e s s i m i s t i c  i n  t h i s  a r e a ,  however, and i n  a.ny case,  
i n  t h e  s imula to r  t h e  camera shadow w i l l  probably obscure most 
of t h e  ove r ly  b r i g h t  reg ion .  

The smal l  peaks observable  i n  t h e  glass bead curves  
i n  F igure  3 a r e  due t o  the  "rainbow e f f e c t "  produced by any 
t r a n s p a r e n t  s p h e r i c a l  scat terer :  t h e  i n d i c a t e d  p o i n t s  on t h e  
curves  are a t  t h e  proper  angles  f o r  t h e  primary bow i f  t h e  index  
of r e f r a c t i o n  of  t h e  g l a s s  beads i s  about  1 .5 .  These "rainbows" 
are c l e a r l y  v i s i b l e  i n  the  model photographs a s  w e l l  a s  i n  
F igu re  3 ,  al though apparent ly  n o t  a t  t h e  same viewing angles  
g iven  i n  t h e  f i g u r e .  However, as t h e r e  i s  a wide angular  separa-  
t i o n  between t h e  bows and t h e  l and ing  s i t e ,  t h e  presence of t h e  
bows does n o t  s i g n i f i c a n t l y  a f f e c t  t h e  v a l i d i t y  of t h e  simula- 
t i o n .  

Xodei Coiitrast  Vaiues 

I n  g e n e r a l ,  s u r f a c e  b r i g h t n e s s  i s  n o t  t h e  c o n t r o l l i n g  
parameter  i n  o b j e c t  v i s i b i l i t y .  Of more importance i s  t h e  photo- 
m e t r i c  c o n t r a s t ,  de f ined  a s  the  d i f f e r e n c e  i n  b r i g h t n e s s  between 
an object  and i t s  background, d iv ided  by t h e  b r i g h t n e s s  of t h e  
background, or 

Bo'BB . c =  
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C o n t r a s t  de f ined  i n  t h i s  f a sh ion  i s  p o s i t i v e  i f  t h e  o b j e c t  i s  
b r i g h t e r  than i t s  background and nega t ive  i f  it i s  d a r k e r .  Ob- 
jects  of equa l  s i z e  w i t h  c o n t r a s t s  o f  equal  a b s o l u t e  va lue  are 
e q u a l l y  v i s i b l e .  Shadows on t h e  moon have a very high c o n t r a s t  
of -1 and when p r e s e n t  g r e a t l y  a i d  d e t e c t i o n  and r e c o g n i t i o n .  
A t  h igh  sun ,  shadows a r e  l a r g e l y  absent  and much of t h e  scene 
c o n t r a s t  i s  due t o  a d i f f e r e n c e  of s l o p e  such as t h a t  between 
t h e  w a l l  of a crater and t h e  surrounding t e r r a i n .  

From Figure 1 i t  i s  d i f f i c u l t  t o  draw conclus ions  about  
t h e  o v e r a l l  r e f l e c t i o n  c h a r a c t e r i s t i c s  of t h e  g l a s s  bead model. 
S ince  curves f o r  two d i f f e r e n t  sun e l e v a t i o n s  are g iven ,  however, 
it i s  p o s s i b l e ,  given some assumptions,  t o  c a l c u l a t e  r ep resen ta -  
t i v e  c o n t r a s t  va lues .  
between p o i n t s  on t h e  t w o  curves  wi th  t h e  s a m e  phase angle  can 
be cons idered  e q u i v a l e n t  t o  the d i f f e r e n c e  i n  b r i g h t n e s s  between 
a 13' (23'-10') s l o p e  and t h e  surrounding t e r r a i n .  This s l o p e  
i s  a t y p i c a l  average va lue  f o r  an i n t e r i o r  c r a t e r  w a l l .  I n  t h e  
c a l c u l a t i o n  of t h e  corresponding c o n t r a s t  va lues  t h e  sun e l eva -  
t i o n  i s  taken  a s  23'; t h e  13' s l o p e  f a c e s  away from t h e  obse rve r .  

I n  Figure 1 a d i f f e r e n c e  i n  b r i g h t n e s s  

I n  Figure 4 t h e  contrast  va lue  c a l c a l a t e d  f o r  t h i s  
"crater w a l l "  from t h e  g l a s s  bead model, along wi th  s i m i l a r  curves  
f o r  t h e  LRM and Fedore ts  func t ion ,  i s  p l o t t e d  as a f u n c t i o n  of 
d i s t a n c e  a long  t h e  l u n a r  s u r f a c e ,  assuming t h e  s p a c e c r a f t  a t  an 
a l t i t u d e  of 4 0 0 0  f t .  The e q u i v a l e n t  viewing ang le s  f o r  these 
ranges  a r e  a l s o  shown. A s  a gu ide ,  s e v e r a l  landmarks are i n d i -  
c a t e d  a t  t h e  appropr i a t e  ranges,  a l though t h e s e  landmarks a r e  
n o t  l o c a t e d  e x a c t l y  on t h e  ground t r a c k  pass ing  through t h e  
s p a c e c r a f t  n a d i r  and the  zero-phase p o i n t  f o r  which t h e  c o n t r a s t  
v a l u e s  have been c '3lculated.  

I n  i n t e r p r e t i n g  Fi.gure 4 ,  n o t i c e  t h a t  v i s i b i l i t y  should 
be q u i t e  good, due t o  t h e  presence of  shadows, from t h e  bottom 
of t h e  LM window up t o  t h e  zero phase p o i n t  i n  t h e  f ie ld-of -v iew,  
even though s l o p e  c o n t r a s t  on t h e  model i s  f r a c t i o n a l l y  less than 
c a l c u l a t e d  f o r  t h e  moon us ing  a n a l y t i c a l  methods. 

Downrange of  t h e  zero-phase p o i n t  t h e  p i c t u r e  changes. 
H e r e  t h e  glass head model seems t o  previde up ts te:: times t h e  
s l o p e  c o n t r a s t  p red ic t ed  by t h e  LRM and Fedore ts  f u n c t i o n s .  
Br igh tness  va lues  a r e  a l s o  reversed  from those  p r e d i c t e d  f o r  
t h e  moon: 
s l i g h t l y  da rke r  shade of gray than  i t s  surroundings ( n e g a t i v e  
c o n t r a s t )  r a t h e r  than a s l i g h t l y  l i g h t e r  shade ( p o s i t i v e  con- 
t r a s t ) .  This l a s t  d i f f e r e n c e  from t h e  p r e d i c t i o n s  i s  n o t  s i g n i -  
f i c a n t ,  however, cons ide r ing  t h e  i n a c c u r a c i e s  i n  t h e  photometr ic  
f u n c t i o n s  themselves. 
Fedore t s  func t ion  i s  low enough t o  i n d i c a t e  cons ide rab le  d i f f i -  
c u l t y  i n  d e t e c t i n g  and recogniz ing  equal-albedo craters  i n  t h e  
washout reg ion  whi le  t h a t  c a l c u l a t e d  f o r  t h e  g l a s s  bead model 
i s  h igh  enough t o  exp la in  the  very good v i s i b i l i t y  e v i d e n t  i n  
t h e  model photographs. 

a s l o p e  f a c i n g  away from t h e  observer  appears  a 

The c o n t r a s t  p r e d i c t e d  by t h e  LRM and 
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Conclusions 

A comparison of t h e  a v a i l a b l e  data  f o r  t h e  g l a s s  bead 
coa ted  l u n a r  model w i t h  c u r r e n t l y  used l u n a r  photometr ic  f u n c t i o n s  
has shown t h a t  t he  g l a s s  bead model can be made t o  match the l u n a r  
s u r f a c e  reasonably w e l l  i n  b r i g h t n e s s  over  t h e  angu la r  range o f  
i n t e r e s t  i n  a l u n a r  landing .  I n  t r a i n i n g  f o r  landing  a t  l o w  sun 
e l e v a t i o n s ,  where geometr ica l  shadows provide t h e  major d e t e c t i o n  
c l u e s ,  t h e  g l a s s  bead technique w i l l  enhance t h e  f i d e l i t y  of t h e  
s imula t ion  due t o  t h e  zero-phase b r i g h t e n i n g  it i n t r o d u c e s  i n t o  
t h e  m o d e l .  U s e  of g l a s s  beads i n  t h e  s i m u l a t o r  f o r  low-sun t r a i n i n g  
should n o t  m a t e r i a l l y  change p r e s e n t  model c o n t r a s t  v a l u e s ,  which 
t e n d  t o  be somewhat p e s s i m i s t i c  due t o  l i g h t  sca t te r  i n t o  t h e  
shadow areas and the r e s t r i c t e d  b r i g h t n e s s  range of t h e  LMS TV 
sys  t e m .  

Before t h e  g l a s s  bead model i s  employed fo r  high-sun 
s imula t ion  t r a i n i n g ,  i t  may r e q u i r e  f u r t h e r  c a l i b r a t i o n  and ad- 
jus tment  s i n c e  p r e s e n t  d a t a  seem t o  i n d i c a t e  t h a t  when observed 
d i r e c t l y  it provides  much g r e a t e r  c o n t r a s t  downrange of zero-phase 
than  expected f o r  t h e  moon under t h e s e  l i g h t i n g  cond i t ions .  When 
i n s t a l l e d  i n  t h e  LMS s imula to r  and viewed thr~123h i t s  TV system, 
a g l a s s  bead model might more n e a r l y  match t h e  l u n a r  scene.  F u r t h e r  
measurements of t h e  model's r e f l e c t i o n  c h a r a c t e r i s t i c s  ove r  a much 
wider  angular  range a r e  necessary  t o  decide t h i s  ques t ion .  

2S13-RT- j ab  R. T r o e s t e r  

Attachments 
F igu res  1 through 4 
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